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''^"■^ ""^^^"^ comprises a laminate comprising an insulating layer held 

gele^Zes is tor;id 7at^' opposing each other, wherein an electron-emitJng region insured S Sd 
SoSS^fach a^ Jl . J '"'^'^ °* *® '"'"''""9 part at which the electrodes 

tl^ f ! • ^® ^"^^^ ^^''^ electrorvemltting region by applying a voltaoe between 

OSa.d electrodes. A method for preparing the electron^miljing device is abo provided. ^ 
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BACKGROUND OF THE INVENTION 
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Field of the Invention 

The present Invention relates to an electron-emitting device, and a method of preparing it. 

70 

Related Background Art 

Hitherto known as a device achievable of emission of electrons with use of a sinaple structure is the 
cold cathode device published by M.I. Ellnson et al (Radio Eng. Electron. Rhys., Vol. 10. pp.1290-1296. 
J5 1965. 

This utilizes the phenomenon in which electron emission is caused by flowing an electric current to a 
thin film formed with a small area on a substrate and in parallel to the surface of the film, and is generally 
called a surface conduction electron-emitting device. 

This surface conduction electron-emitting device that has been reported includes those employing a 
20 Sn02(Sb) thin film developed by Elinson et al, named in the above, those employing an Au thin film (G. 
Dittmer, Thin Solid Films". Vol. 9. p.317. 1972). those employing an ITO thin film. (M. Hartwell and C.G. 
Fonstad. "IEEE Trans. ED Conf.". p.519, 1975), and those employing a carbon thin film [Hisashi Araki. et al. 
"SHINKU" (Vacuum). Vol. 26. No. 1. p.22. 1983]. 

Typical device constitution of these surface conduction electron-emitting devices is shown in Fig. 38. In 
25 Rg. 38. the numerals 19 and 20 denote electrodes for attaining electrical connection; 21, a thin film formed 
using an electron-emitting material; 23, a substrate: and 22, an electron-emitting region. 

In these surface conduction electron-emitting devices, it has been hitherto practiced to previously form 
the electron-emitting region by an energizing heat treatment, called "forming", before effecting the electron 
emission. More specifically, a voltage is applied between the above electrode 19 and electrode 20 to 
30 energize the thin film 21 to bring the thin film 21 to be locally destroyed, deformed or denatured owing to 
the Joule heat thereby generated, thus forming the electron-emitting region 22 kept in a state of electrically 
high resistance to obtain an electron-emitting function. 

What Is meant by the above state of electrically high resistance is a discontinuous state of a film partly 
having cracks of 0.5 urn to 5 urn on the thin film 21 and having the so-called island structure inside the 
36 cracks. What is meant by the island structure is the structure of a film in which fine particles generally 
having a diameter of several ten angstroms to several micrometers are present on the substrate, and the 
respective fine particles are spatially discontinuous and electrically continuous. 

Hithertofore, In the surface conduction electron-emitting devices, a voltage is applied to the above high- 
resistance discontinuous film by the electrodes 19 and 20 to flow an electric current to the surface of the 
40 device, so thai the electrons are emitted from the above fine particles. 

However, the forming according to the conventional energizing heat treatment as mentioned above have 
involved the problems as follows: 

(1) In carrying out the energizing heating, it sometimes occurs that the thin film is peeled because of 
the difference in coefficient of thermal expansion between the substrate and the thin film. This provides 

45 limitations in upper limit of heating temperature, materials for the substrate, and combination by selection of 
materials for the thin film. 

(2) In carrying out the energizing heating, the substrate also is locally heated, therefore sometimes 
resulting in occurrence of fatal cracking therein. 

(3) Degree of the changes of a film owing to the energizing heating, as exemplified by the degree of 
50 local destruction, deformation or denaturing, tends to become irregular among a plurality of devices formed 

in the same substrate, and also the site at which changes may occur tends to be not fixed. 

For this reason, when functioned as an electron-emitting device, irregularity in the shape of beams of 

emitted electrons has been seen for each device. 
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«.o^ ■^''^ '"^^ fo""*"9 is completed. For this reason an 

and the forming is earned out simultaneously. suostrate 
(5) A relatively long period of time is required for conventional forming processes that start with 

H^J^^T ^ ^"'J'^'^ ^ *® ^"'^^^ conducb-on electron^mifting devices have not 

"'"^'"^ notwithstanding meir advantages that the devicLTas sim^ 
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The present invention was made to eliminate the disadvantages in the prior art as discussed abo«« =i«h 
^.e°?Ll*'""' l*"""'" electro,>^rnitt,ng device maJcan have' l^t ap^ng ^^^^^^ 

« „ a quality more than equal to that of electron-emlttlng devices obtained by tfeforrSo rd 

has a novel structure suffering less irregularity of characterlsbcs. and a method for prep^CJ ^' ^ 

.h« ^.l^^l: ^ ^"^^^ * P^paring the device by controlllna 

the above-mentioned shape and width of cracks without use of the fon^ingmeans and wift e^e and 

'TsLToSrl'TT''"'^ '^'"'^'^ ^'^"'^ Characteristics, prepared by L T^od usin"! m^i^^ 
struLeTn tl'S.^?' ' T"'. '"'""^ ^"'^ ^ ^"^^ correspondlng^o the island 

rS^bytnTJl'mZ^ ^ ''"'^'^^^ ^ electron-emitting device having' regular char- 

the 'l^lf^Tl'^^ " '° P"'^'"® ^ electron-emitting device capable of controlling 

:dret^r;;^;rsuS^: ^ --"-^ ^« of .e eleC^n^m^tingTeSS 

A still further object of the present invention is to provide an electric current emitting device that not 

electrre/aLd JS-'"^'""' ''^""'"^ """^ ^ ^ voltag^ to be ^X to 

e'ecfrodes and achieve Improvement in the density of an emitted electric current W'ea to 

com^^lZZ.""'^'^°' *^ P^^"* P^°^-^«* a" electron-emitting device 

S,^ whit r !1 ■'^-'"^ '"""^"S "^^^^ Pai' of electrodes oppo^ng eaS 

other, wherein an etectron-emitting region insulated from said electrodes Is fomied at a side end suXTof 

f?om said SJf °PPO'« "t^^^ and eiLt ^are eSLd 
from said electron-emitting region by applying a voltage between said electrodes 

^^'^"^o''^'"B to another aspect of the present invention, there is provided an electron-emittino device 

particles are arranged inside the layer of said Insulating layer in a dispersed state 

Atxording to a further aspect of the present invention, there is provided an electron-emittino davir« 
TnS''' " semiconductor layer is formed^etwl'pSS^JSrtdL a^d 

fine partcles are ananged inside the layer, or on the layer, of said semiconductor layer in'a d^^sS itlTe 



BRIEF DESCRIPTION OF THE DRAWINGS 

inventlo^:' ^ ^ ''"'^''^ ^^^^ etectron-emitting devices of the present 

insulalim lavi ^J^'^^'^^ "'^'^ inustrafing an electron-emitting device of the present invention having an 
insulating layer compnsing fine particles anranged in a dispersed state; 
Fig. 9 and Pig. 10 are cross sections along the line A to B in Fig. 8- 

the pre«ntVnv^S" "^'"''"^ °' ''^ ^""'^^'^ electron-emitting devices of 

othpr «?h«LL?; ^l' ^® *l'agrammatically illustrate electron-emitting devices according to 

otherembodimentsof specific structures of the present invention: «s according lo 

a «mi!? JL'" f^' '^'^Sfammatlcally illustrate electron-emitfing devices of the present invention havino 
a semiconductor layer comprising fine particles arranged in a dispersed state; 

Rg. 28 to Fig. 36 diagrammatically illustrate electron-emitting devices accordino to other embodi- 
ments of specific structures of the present invention; accoraing to other embodi- 
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Rg. 37 diagrammatically illustrates an electron-emitting device comprising two kinds of fine particles 
arranged in a dispersed state; and 

Rg. 38 is a view illustrating a conventional electron-emitting device. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

More specifically, the present invention is an electron^mitting device comprising a laminate comprising 
an insulating layer disposed between a pair of opposing electrodes, wherein an electron-emitting region 
insulated from the electrodes is provided at a side end surface of the insulating layer formed at the part at 
which the electrodes oppose each other, and electrons are emitted from the electron-emitting region by 
applying voltage between the electrodes. 

Rg. 1 diagrammatically illustrates a first embodiment of the electron-emitting device of the present 
invention. In the figure, the numerals 1 and 2 denote electrodes for obtaining electrical connection; 3. an 
rs electron-emitting region; 4, a substrate: and 5, an insulating layer. 

In Rg. 1. the electron-emitting device of the present invention comprises a laminate comprising the 
insulating layer 5 disposed between a pair of the electrodes 1 and 2 opposing each other at their end 
portions, wherein the electron-emitting region 3 insulated from the electrodes is provided at a side end 
surface of the insulating layer 5 formed at the opposing part at which the electrodes 1 and 2 oppose each 
other, and electrons are emitted from the electron-emitting region 3 by applying voltage between the 

electrodes 1 and 2. u • .* 

In the above electron-emitting device, the one corresponding to the narrow cracic in the prior art can 
depend on the film thickness of the insulating layer 5. More specifically, as illustrated in Rg. 1. taking the 
structure that a pair of the electrodes are formed above and beneath the insulating layer v/ith respect to the 
direction of the lamination in which the insulating layer having the electron-emitting region is laminated to 
the substrate (hereinafter referred to as "vertical type structure") can make small the thickness of the 
insulating layer on which the spacing between electrodes depend. 

The electron-emitting device having the vertical type structure has a quality more than equal to that of 
conventional ones without taking the forming means, and can give a more Improved electron- emitting 
30 device that can make uniform the shape and width of the electron-emitting region. 

In Rg. 1, the insulating layer 5 may have a thfckness of from several angstroms to several microns, for 
example, from 10 angstroms to 10 microns, preferably from 10 to 1 am. 

The insulating layer 5 Is comprised of Si02. MgO. Ti02. TazOs, AI2O3 or the like, a laminated malenal 
of any of these, or a mixture of any of these, which is formed by vacuum deposition or coating. 
Alternatively, when the electrode 1 is comprised of a metal such as Al and Ta. the insulating layer 5 may 
comprise an anodte oxidation film anodized by electrolysis. 

The substrate 4 is formed with glass, ceramics or the like, and the electrodes 1 and 2 are formed with 
Au. Ag. Cu. Mo. Or. Ni. Al, Ta, Pd. W or the like, or an alloy of any of these, or carbon, etc. 

' The electrodes 1 and 2 may have a thickness of from several hundred angstroms to several um. 
preferably from 0.01 to 2 um in the case of the vertical type. Formation methods include vacuum 
deposition, photolithography, and printing. 

An outline of the method of preparing the electron-emitting device according to the present invention 
can be specifically described based on Rg. 1 as follows: 

The electrode 1 is vapor deposited on the substrate 4, and then subjected to patterning to give a 
desired shape as exemplified by a stripe. Thereafter, the insulating layer 5 is formed by means of vacuum 
deposition, coating or the like. Thickness of the insulating layer depends on the dielectric strength 
depending on materials for the insulating layer, and the threshold voltage at which emission of electrons 
begins by the voltage appfied between the electrodes 1 and 2. Usually, to set the threshold voltage to from 
10 to 20 V. this film thickness must be 1 microns or less. After formation of the insulating layer 5, the 
electrode 2 is formed by conventional vacuum deposition, printing, coating or the like process, and then the 
electrode 2 and the insulating layer 5 are so subjected to patterning along the pattern of the electrode 1 that 
they may partly overiap wrth tiie electrode 1 in the same pattern. (See Rg. 1.) In that occasion, the electron- 
emitting region 3 may be obtained by disposing an electron-emitting layer 3a between the insulating layers 
5a and 5b according to the manner as described later, or may be obtained by disposing electron-emitting 
55 IxDdies 3b at the side face of the insulating layer 5. 

Good results can also be exhibited not only by taking tiie stmcture in which ttie electrodes 1 and 2 
overiap as shown in Rg. 1. but also by an electron-emitting device comprising the electron-emitting region 
3 disposed at a side end surface defined between a pair of electrodes 1 and 2 that oppose at their end 
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portions but have no overlap as shown in Rg. 2 

The electron^mitUng region 3 is formed by disposing an electron-emitting layer 3a in the insulatina 

5 ^S^hlrn t^'lh f "^1^ "'"'"'^ '""^"^ electrons by electron bombardment 

5 and having sfrong thermal resistance and corrosion resistance, as exemplified by metals such as W Ti Au 
l ^ Pt oxides such as SnOa, In^Oa. BaO and MgO. or carbon or a mixture of an^ of the 

S^eHnTLr^!!^ 'T^'r "^^"^^^ "^■^-'^ ^^^^"^ ^^P-^'tlon. coating 

sputtenng deposition, dipping, or the Hke process. ^ 

AKernativGly. H may comprise a thin coating comprising superfine particle powder of metals as 

side face o the .nsulatmg layer 5 comprising a thin coating of the materiat as descritod for the above 

Sid^ippJigr^ ^"^"^'^ "'^^'^^ ^" ttePOsW^ 

,« fn™!lr*°,* '^^'""^.^ ^ '^'S- ^ '^""^''''^ approximation may desirably be 

S^«^rlrfhtr^'l*^" angstroms to several am. preferably from several ten angstroms to 2 um. and 
more preferably from 10 angstroms to 1 um. 

below" ''"""^ °' ^ ""^^"^ preparing the electron^mitting device illustrated in Rg. 2 will be described 

Thert"afl7ilf 1 'fT .T" \ ^"''^'^^^ ^ « Pepped portion Is formed by patterning. 
Thereafter the electrodes 1 and 2 are simultaneously formed Into films so that the stepped portion may not 
be covered by the electrodes, thus forming the electrode spacing 5. Accordingly, the electrode spacing 6 
depends on thickness of the electrode fom^ed at the stepped portion set with the film thickness of ttie 
LTa slmiilr'nrn.; '°;":«««'" °* ^tectrode is carried out usually by using vacuum film formaUon 

or a similar p ocess, so that ,t is possible to control the film thickness in high precision. Thus for the 
elecfrode spacing 6. small spacing of several ten angstroms can be readily obtaiL inTgrpreclston 
of thl ! t f ? u" "^'^^ ^^'^'^ ^ also be obtained by pattern etching 

elecfrodes 1 and 2 are formed on this stepped portion to obtain an electron-emitting device. (See Rg 7) 
llluJSl!l^i„^, \P^^ ^ the electrode opposing each other have no mutual overiap' as 

^lusfrated In Fig. 2 can bring about a more superior electron-emitting device suffering less increase in 
dnving power consumption that may be otherwise caused by increase in the electrical capacity at the part 

t<r„n?„ ! .*°'!^! '^^^^ °* ''''^'"9 ^'*'*'"= ^Snals. and less influence by dielectric 

strength or pinholes of the insulating layer. 

On the other hand, the electron^mittlng device having the structure as shown in Rg. 7 makes It 
electrodes to be held by the insulating layer, and makes it possible also to obtain the 
spacing of the opposing electrodes by uUlizing the stepped portion, so that if. for example, the electrodes- 

^TrZf'f^ T tf'I 'V'""!!^ ^'^"'"^^ '''^^ P*"^""- •^^^^ " S"^*" ^ electron-emitting 
?^cSsM °' '"^'^""^ '^y^'- '"^""9 ^'"P'^ "s preparation 

The electron-emitting device of the present invention may further have the structure as shown in Ro 4 

rt«„«ir^' "".""Y^f ^ '° ^ "^S- 3- the present figure, the numeral 8 

denotes an intermediate layer, which is disposed between the Insulating layer S and the electrode 2 to 
constitute a multi-layer electrode. The Intermediate layer 8 plays a role to bring about the effect of 
preventing sputtenng damage caused by electrons or ions in the electrode 2. or the effect of bringing 
electrons to more readily emit As the intemiediate layer 8. high-melting materials as exemplified by W 
UBs, carbon, TiC and TaC may be used to make small the sputtering damage, and materials having a low 
wortc function as exemplified by SnOa, ln,0,. l^,. BaO. CS and CSC may be used to achieve 
improvement in electron emission efficiency. 

^ffJ"!!! '^^^■^ ^ Mate, or a mixhire. comprising these both materials. Of course, similar 
effect can be ot^ned also when the intermediate layer 8 is provided on the electrode 1 to give a multi- 
layer elect-ode. Further, when both the elecUodes are made to comprise the multi-layer electrode, suitable 

JSSo 1!1VT"'^^^ '^y*': ® '^'^ *^ ^^^^ ^ ^'««ro*. Also, a laminate comprising an 
msu^atong layer 5a. an etectron-emitting layer 3a and an insulating layer 5b may be made to comprise a 

Zu£!\^T ^"T""'^" '"^ ^^P*^' ^ '"^""^""S '^y^' 5^ ^ eleion-emittlng layer an 
r^m/r • «'^'='^°'^""W"9 'ayer 3a. an insulating layer 5a. and an electron-ernLing layer 3a. 
At east one layer of the mult-layer electrodes, as exemplified by the electrode 2 in Rg. 4. rnay further 

th« °' * '^'^'"3 ^ '"9'' ^l®^'"' conducthrlty. This is because the materials for 

the Intermediate layer 8 are materials having relatively low electrical conductivity as for electrode wiring 
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materials. 

An excessively high wiring resistance of a device may cause an increase in the power consumption or a 
delay in the driving signals, resulting in undesirableiness in driving the device. For this reason, the materials 
having high electrical conductivity is used in the electrode 2 to keep to a low level the wiring resistance of 
5 the whole mutti-layer electrode. Usable as the materials having high electrical conductivity are Ag, Al. Cu, 
Cr. Nl, Mo. Ta, W. etc. 

In f^g. 4. when the electron-emitting layer 3a comprises the material suffering less sputtenng damage 
or having a low work function, the intermediate layer 8, or the electrode 1 and the intermediate layer 8. may 
be formed with use of the same materials as in the electron-emitting layer 3a. 

10 The present invention further provides an electron-emitting device having a device structure wherein an 
insulating layer is formed between electrodes opposing each other, and fine partiaes are contained in said 
insulating layer and at the same time arranged in a dispersed state. 

Taking the above described device structure of the present invention not only can solve the problems in 
the prior art previously discussed, but also can provide an electron-emitting device capable of obtaining an 

75 emitted electric current of high density by using a tow electric power and also capable of controlling Ihe 
island spacing, island size of the Islands previously mentioned. This electron-emitting device will be 
descriljed below with reference to the drawings. 

In Fig. 8. provided on a substrate 4 such as glass and ceramics is an insulating layer 11. and further 
thereon electrodes 1 and 2 comprised of low-resistance materials for use in voltage application are provided 

20 giving minute spacing to fonn a discontinuous electron-emitting region 10 comprising fine panicles 9 
dispersed between them. Though not shown in the drawing, a space is taken at an upper area of the 
electron-emitting region to provide there a lead-out electrode for leading out emitted electrons. Application 
of voltage between the electrodes 1 and 2 in vacuo (this voltage is assumed as Vr) brings about flow of 
electricity between the electrodes (I,) to apply voltage using the lead-out electrode as the anode, so that 

25 electrons are emitted from the electron-emitting region in the direction substantially vertical to the paper 
surface in the drawing. (The electric current for this electron emission is assumed as I,.) 

Rg. 9 and Fig. 10 diagrammatically illustrate cross sections in the A-B direction of fig. 8. In the present 
figures, the fine particles on the substrate 4 may preferably have a particle diameter of from several ten 
angstroms to several nm. and the spacing between respective fine particles may further preferably be 

30 formed in the range of from several ten angstroms to several um. 

Materials for the fine particles used In the present invention may cover a very wide range, and almost 
all of conductive materials including usual metals, semimetals and semiconductors. Particularly suitable are 
usual cathode materials having properties such as low woric function, a high melting point and k)w vapor 
pressure, thin film materials capable of fonming the surface conduction electron-emitting device by the 

35 conventional fonning treatment, and materials having a large coefficient of secondary electron emission. 

Appropriate materials may be selected from such materials according to purposes and used as the fine 
particles, so that a desired electron-emitting device can be formed. 

Specifically, they may include, for example, borides such as LaBs. CeB«, YB4, and GdB*. carbides 
such as TiC, ZrC, HfC. TaC, SiC and WC, nrtrides such as TiN. ZrN and HfN. metals such as Nb. Mo. Rh, 

40 Hf, Ta. W. Re. Ir. Pt Ti. Au. Ag. Cu. Cr, Al. Co, Ni, Fe, Pb, Pd, Cs and Ba. metal oxides such as In203. 
SnOj and Sb203. semiconductors such as Si and Ge. carbon, and AgMg. The present inventton is by no 
means limited by the above materials. Moreover, in the present invention, it may also be practiced to select 
different materials among the above materials and disperse fine particles of two or more kinds of different 
materials. 

45 A method for preparing the device illustrated in Rg. 8 will be described below. 
Rg. 11 (1) to (5) illustrate cross sections of a device for each preparation step. 

(1) The surface of a substrate 4 comprised of glass or ceramics is degreased and cleaned. 

(2) An insulating layer 11 comprised of low-melting point glass is formed into a film on the surface of 
the substrate 4 according to Rquid-coating baking, printing baking, vacuum deposition, or the like process. 

50 Desirable as materials for the low melting point glass are tfiose having a softening point temperature tower 
than tile distortion point temperature of the substrate and at the same time having a coefficient of thermal 
expansion ctose to that of the substrate. In general, a lead oxide type tow melting glass has a sottening 
point of about 400* C and also has a coefficient of thermal expansion close to Vne coefficient of thermal 
expansion of a soda lime glass substrate generally used. The insulating layer 11 may desirably be formed 

55 to have a thickness in tiie range of from several ten angstroms to several ten um in approximation. 

(3) On tiie insulating layer obtained in (2), electrodes 1 and 2 are formed according to vacuum 
deposition, photolithoetchlng, llfting-off. printing, or tiie like process. 

Usable as electrode materials are tfie same materials as those descritmd in relation to Fig. 1 , i.e. Au. Ag, 
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Cu. Mo, Cr, Ni, AI, Ta. Pd and W, or an alloy of any of these or carbon, etc.. and the electrodes 1 and 2 
nr^ay also suitably have a thickness of from several hundred angstroms to several am, preferably from 0.01 
to 2 um. 

As to the dimensions of electrode spacing L the electrodes may suitably oppose each other with a space of 
5 from several hundred angstroms to several ten um, and spadng width W may suitably be approximately 
from several um to several mm. However, they are by no means limited to these dimensions. 

(4) Next, the fine particles 9 are coated on the electrode gap region obtained in (3). A dispersion of 
fine particles are used in the coating. Fine particles and an additive to promote dispersion of the fine 
particles are added in an organic solvent comprised of butyl acetate, alcohol or the like, followed by stirring 

ro or the like to prepare the dispersion of fine particles. This fine particle dispersion Is coated on the surface of 
a specimen according to dipping, spin coating or the like process, and thea cateination is canied out for 
about 10 minutes at a temperature at which the solvent or the like may be evaporated, for example, at 
250* C. Thus the fine particles are an-anged on the surface of the insulating layer 11 in the electrode 
spacing L Of course, the fine particles 9 are arranged on the whole surface of the specimen, but no 

IS difficulty is brought about as there is appfied substantially no voltage to the fine particles 9 outside the 
electrode spacing L when electrons are emitted. This is accordmgly not shown In the drawing. Arrangement 
density of the fine particles 9 may vary depending on the coating conditions and how to prepare the fine 
particle dispersion, and the amount of electric cunrents ftowing to the electrode spacing L may also vary in 
accordance with this. In addition to the above formation by coating, also available as a method for 

20 dispersing the fine particles 9 to the electrode gap region obtained in (3) is, for example, a method in which 
a solution of an organic compound Is coated on the substrate followed by thermal decomposition to form 
metal particles. In regard to materials feasible for vacuum deposition, the fine particles can be also formed 
by control of vacuum deposition conditions such as substrate temperature or by means like vacuum 
deposition such as masked vacuum deposition. 

25 (5) After this, the specimen obtained through the steps up to (4) is heated to a temperature higher 

than the softening point of the low-meltirig glass constituting the insulating layer 11, for example, to 450 *C 
if it is the lead oxide type low-melting glass, to canry out baking for about 20 minutes. By this procedure, 
the fine particles 9 arranged on the insulating layer 1 1 comprised of the low meting glass penetrate into the 
tow-melting glass, resulting In being included (or enclosed) into the insulating layer 11, or Included to the 

30 extent that at least part of a particle is exposed from the insulating layer 11, and then fixed there. 

Whether the fine particles 9 are brought into the state that all of them are included into the insulating layer 
11 or the state that only part of a particle penetrates into the insulating layer 11 in the state that the surface 
remains exposed, may be adjusted by selecting the baking temperature in the step (5). 
The higher the baking temperature Is, the more readily the fine particles 9 are penetrated deeply into the 

35 insulating layer 1 1, and are included and fixed. A lower baking temperature may make it difficult for the fine 
particles 9 to penetrate into the insulating layer 1 1, and tend to make them fixed in the exposed form. 

Some of the materials such as Pd listed in tiie above emtKxJiment may be covered on their surfaces 
with oxide filnrts as a result of heating in the above step (5). resulting in decrease in the amount of the 
electric current flowing to the electrode spadng L Therefore, a step of pickling to remove the oxide film 

40 may be introduced If necessary. 

In the present invention, the device may also be formed by bringing the fine particles 9 to be 
completely included into the insulating layer 11 and thereafter carrying out etching to bring part of each 
particle to be exposed. 

Not only the device prepared according to the above preparation steps, having the structure as 
4S- illustrated in Rg. 11, but also the devices having tiie structure Illustrated in Rg. 12 and Rg. 13(a) and (b) 
can also exhibit good results. 

Preparation processes in Fig. 12 will be described. 

Electrodes 1 and 2 are formed on a substrate 4, on which a fine particle dispersion or a dispersion 

prepared by mixing tow-melting frit glass into an organic metal compound solution Is coated In the vicinity 
60 of the electrode spacing region L followed by baking at a temperature higher than the softening point of the 

low-melting frit glass crystalline melting point to bring the fine particles to be included into an insulating 

layer 1 1 comprised of tiie low-melting glass, or bring at least part tiiereof to be exposed, and then fixed. 

Here, Oie baking temperature set to a higher degree (as exemplified by 650* C enables the smoothing of 

tiie insulating layer 1 1 to make a continuous film, 
66 In the figure, tt>e insulating layer 1 1 may preferably be formed to have a film thickness of from several 

ten angstroms to several um In approximation. 

Here, a liquid coating insulating layer (as exemplified by Tokyo Ohka OCO. a SiOz insulating layer) may 

be used in place of the low-melting frit glass. 
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In the instance where the liquid coating insulating layer is used, it is also possible to obtain the electron- 
emitting device of the present invention in the following manner: Rrst.the insulating layer 1 1 containing the 
fine particles 9 Is built up on the substrate 4 according to liquid coating. Namely, it can be obtained by 
coating the fine particles mixed and dispersed in a liquid coating preparation, on a substrate by spin 
5 coating, dip coating or the like. 

Next electrodes are formed on the Insulating layer 11 according to the above processes such as 
vacuum deposition to make up an electron emission device. 

Taking said process, the fine particles are coated on the substrate in the state that they are mixed and 
dispersed in the liquid coating preparation or the like for obtaining the insulating layer, and therefore, even 
70 after the coating and baking, they remain dispersed in a good state in the film formed by coating the liquid 
coating preparation for obtaining the insulating layer. Accordingly, the fine particles suffer less agglomer- 
ation, and can be uniformly dispersed in the insulating layer obtained by the liquid coating preparation. 

Also* since in the present structure the insulating layer containing fine particles is first formed on the 
substrate, the substrate surface before formation of the insulating layer is usually a uniform surface without 
IS any particular pattern or roughness. Accordingly, since the insulating layer containing the fine particles in its 
uniform surface is formed by coating and baking, there is no non-uniformity in the film thickness or fine 
particle dispersion owing to coating uneveness at the part of the pattern or roughness, so that a support 
layer in which the fine particles are dispersed can be uniformly formed on the substrate surface. Obtaining 
the insulating layer that is uniform like this can make small the irregularity or the like in device 
20 characteristics when a number of electron-emitting devices are provided on the same substrate. 

Moreover, although in the present structure an in-air heating step at about 400 *C or more becomes 
necessary, for example, when the oxide type insulating layer is formed using the liquid coating preparation, 
the electrodes themselves do not pass through the heating step because the insulating layer formation 
heating is carried out before formation of the electrodes. Therefore, no account is required to be taken for 
25 the thermal oxidation of electrodes or thermal diffusion with respect to the insulating layer, thus enabling 
expansion of the range of selection for electrode materials. 

Accordingly, the materials may be appropriately selected depending on the conditions such as 
dielectric strength, thermal resistance, workability, oxidation resistance, life, specific resistance, and amount 
of electric current that can be taken out. The materials for the insulating layer may include, as previously 
30 described, Si02, MgO, Ti02, TaaOs and AfeOs, or a laminate or mixture of any of these. The film thickness 
may be from about 10 angstroms to several um or so, which is the thickness necessary for the fine 
particles 9 to be dispersed and fixed. 

The electron-emitting device may also have the structure as illustrated in Rg. 13. 
In the electron-emitting device illustrated in Rg. 13. a fine particle dispersion prepared by mixing the 
35 low-melting frit glass for the insulating layer 11 is coated (here, carried out in the same manner as 
described in relation to Rg. 12), and thereafter the insulating layer 1 1 is formed into a discontinuous island- 
shaped film by setting the baking temperature to somewhat tower degree (for example, about 500* C). 

In the electron-emitting device Illustrated in Rg. 13, the insulating layer 11 does not entirely cover the 
electrode spacing L as so illustrated in the figure, so that it takes the form that the electrode ends of the 
40 electrodes 1 and 2. on the side of the electrode spacing L. i.e.. the part at which a highest electric field is 
generated, is connected with the surface and inside of the insulating layer 11. For this reason, the degree of 
freedom of the electric cunrent fiow path becomes greater, so that the amount of electric current flowing 
between the electrodes can be more increased than the device of Rg. 1 2. 

Both the electron-emitting device of Rg. 12 and the electron-emitting device of Rg. 13, in which the 
45 insulating layer and the fine particles can be formed simultaneously, have the advantage that the 
preparation steps can be simplified. 

The electron-emitting device of the present invention may further comprise a device having the 
structure as illustrated in Rg. 1 4(5). 

In Rg. 1 4, the numeral 4 denotes a substrate; 1 and 2, electrodes; 9. fine particles; and 1 1 . an insulating 
50 layer. 

Fig. 14 (1) to (5) illustrate cross sections of a device for each preparation step. 

1) The surface of the substrate 4 is degreased and cleaned. 

2) The electrodes 1 and 2 are formed in the same manner as in (3) in Rg. 1 1 . 

3) The fine particles are dispersed in the same manner as in step (4) in Rg. 11. 

55 4) The Insulating layer 11 is formed by a method of EB vacuum deposition, sputtering, or vacuum 

deposition such as plasma CVO. heat CVD or the like process. Usable as materials for the insulating layer 
11 are oxides such as SiOz and AljOa. nitrides such as SiaN*. carbides such as SiC and TiC. as well as 
glass obtained by vacuum deposition or solution-coated baking, and insulating layers comprising organic 
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polymers such as polyimidas. Also, the layer 11 may desirably have a film thickness of from several 10 
angstroms to several urn. Here, in general, the insulating layer 11 is deposited also on the surface of fine 
particles 9. and so deposited that the particle diameters of the fine particles 9 may produce convexes 

The electron emission device prepared according to the above steps 1) to 4) can serve as a device 

5 having far superior characteristics as compared with the convenfional deviced prepared using the formino 
in the electron-emitting device of the present invention, even the device obtained according to the steos 1) 
to 4) can exhibit sufficiently good characteristics, but more preferred is a device applied with the follovrina 
step 5) sine© the extent of exposure of the fine particles fixed in the insulating layer can be made 
adjustable by adjusting the deposit thickness of the insulating layer and the amount of etchinq and 

10 furthermore it becomes possible to control the electric current between electrodes and also control the 
amount of electron emission. 

5) Etching is applied on the surfaces of the convexes of the insulating layer 11 obtained in 4) For 
example, ion milling may be canrled out in the state that the specimen is obliquely set so that the surfaces 
of the convexes of the Insulating layer 11 are etched. As a result, there is given the structure that part of 
IS each fine particle 9 Is exposed from the insulating layer 11 at the etched portions and also fixed in the 
insulating layer 11. 

In addition, in the above steps 1) to 5). the low-melting glass may be used as the material for the 
nsulating layer 11 and, after step 5) In Rg. 14, the spedmen may be baked at a temperature higher than 
the softening point of the low-melting glass, so that the fine particles 9 can be further firmly fixed in the 
20 ir«sulating layer 11 comprised of the low-melting glass. This makes it possible to provide a further stable 
electron^mitting device. . 

, V ®'«=<«'"-e'"lttlng device of the present invention may also comprise those as Illustrated in Fig 15 
(a) and (b) and Rg. 16 (a) and (b). " 

In Rg. 15, the numeral 12 denotes a substrate comprising metals 13 such as Ag. Ba. Pb. W and Sn or 
metal oxides 13 such as BaO. PbO and SnO^ deposited in porous glass. The numerals 1 and 2 denote 
electrodes provided on the substrate. 

..^i'^'.? ^'^^ 8'^^^ available from Coming Glass works or porous glass 

MPG available from Asahi Glass Co.. Ud.. and those having a pore size of from 40 angsfroms to 5 urn 
more preferably having a pore size of from 100 angsfroms to 0.5 urn. Rne particles of metals or metal 
oxides of the size equal to or smaller than the pore size are deposited in the pores. The present 
embodiment may not be limited to the porous glass, and may be worthed using those obtained by 
roughening the glass surface with an aqueous hydrofluoric acid solution or other porous insulatina 
subsfrates. . " 

Bringing meuis to be deposited and fixed in the pores of porous glass can be achieved by commonly 
available methods as exemplified by a method In which porous glass is impregnated with an aqueous 
solution of a nifrate such as AgNO,. Ba(NO,)j and PbNO, or an aqueous sulfuric acid solution, followed by 
drying and thereafter baking in a reducing atmosphere. To deposit the metal oxides, the deposited metals 
may be baked at a suitable temperatore and in an atmosphere of oxygen. 

In bringing the metals or metal oxides to be projected from the surface of porous glass, the glass 
surface may be treated for 1 minute with a hydrofluoric acid solution, followed by washing and drying A 
desired substrate 12 can be thus prepared. 

The above subsfrate 12 may more preferably have a thickness of 0.5 um or more because of the 
roughness on the surface of porous glass. 

In Rg. 16. the numeral 14 denotes a glass subsfrate commonly called as colored glass, which is glass 
« that contains metal coltoid fine particles 15. The numeral 1 or 2 denotes an elecfrode provided on the 
subsfrate. The metal colloid fine parUcles in the colored glass may suitably have a particle diameter of from 
20 angstroms to 8.000 angstroms, more desirably from 100 angsfroms to 2.000 angsfroms. Also, the 
density of the fine particles, though variable depending on the particle diameter or materials tor the fine 
particles, may suitably be In such a state that particles are spatially apart and elecfrlcally connected In the 
vicmity of a dnve voltage. To make such colored glass, it can be readily prepared by a commonly often 
used technique, namely, a method in which colorant ravy materials such as AuCI, and AgNCb are dissolved 
in main components of ttie glass, which is then subjected to heat freafrnent for 10 to 20 minutes at 
temperatures of from 600 C to 900* C to deposit gold coltoid or silver colloid fine particles in the glass. In 
the subsfrate prepared according to such a commonly available method, the metel fine particles are llttte 
deposited out of the glass surface, and therefore have good smoothness of the subsfrate surface on which 
the elecfrodes are formed, thus bringing about the advantage that the elecfrodes in this device can be 
made to have a smaller thickness. 

In this device, after the metal fine particles were deposited in the glass, the subsfrate surface may also 
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be treated with an aqueous hydrofluoric acid solution in the same manner as in the device described in 
relation to the above Fig. 1 5 so that the metal colloids may be protruded in a large number from the glass 
substrate surface, thus obtaining the effect as aimed in the present invention. 

The present invention further provides an electron-emitting device characterized by a device structure, 
5 comprising a semiconductor layer formed between opposing electrodes, and fine particles further arranged 
in a dispersed state on said semiconductor layer. 

In the electron-emitting device of the present invention, application of a voltage between the electrodes 
brings about emission of electrons from the fine particles which are conductive. 

Taking such a device structure not only can solve the problems involved in the prior art previously 
10 discussed, but also can provide an electron-emitting device capable of obtaining emitted electric currents 
with a low electric power arxj in a high density. 

Description will be made below on the basis of Fig. 17. 

In the figure, electrodes 1 and 2 are provided on a substrate 4. giving minute spacing to form a 
discontinuous electron-emitting region comprising fine particles 9 dispersed between them. The numeral 16 
15 denotes a semiconductor layer formed at least at an electrode spacing region L 

Rg. 18 is a diagrammatical cross section in the C-D direction in Rg. 17. In the figure, the kind, particle 
diameter and spiacing between fine particles on the substrate 4 are as described in relation to Rg. 8. 
A method for preparing of the device illustrated In Rg. 17 will be described below. 
Rg. 19 (1) to (3) illustrate cross sections of a device for each preparation step. 
20 <1) The surface of a substrate 4 comprised of glass or ceramics is degreased and cleaned. 

(2) On the insulating layer obtained in (1), electrodes 1 and 2 are formed according to vacuum 
deposition, photolithoetching, iifting-off. printing, or the like process. 

(3) Next, the fine particles 9 are coated on the electrode gap region obtained in (2). A dispersion of 
fine particles are used in the coating. Rne particles and an organic binder to promote dispersion of the fine 

25 particles are added in an organic solvent comprised of butyl acetate, alcohol, ketone or the like, followed by 

stirring or the like to prepare the dispersion of fine particles. Usable as the organic binder are butyral resins. 

acrylic resins, vinyl chloride-vinyl acetate copolymers, phenol resins, nylons, polyesters and urethanes. 
Here, an example of methods for preparing the dispersion of the fine particles is set out below. 

Rne particles. SnOs 1 g 
30 (fine particle diameter 100 to 1.000 angstroms) 

Organic solvent MEK (methyl ethyl ketone) : 

cyclohexane = 3:1 1.00D cc 

Organic binder, butyral 1 g 

The above materials were stirred in a paint shaker for three hours glass beads to make a dispersion. 

35 This fine particle dispersion Is coated on the surface of a specimen according to dipping, spin coating 
or the like process, and then baking is carried out for about 10 minutes at a temperature at which the 
solvent or the like may be evaporated and also the organic binder is carbonized to give a semiconductor 
layer, for example, at 250* C. Thus the semiconductor layer 16 and the fine particles 9 are an-anged in the 
electrode spacing L Of course, the semiconductor layer 16 and the fine particles 9 are arranged on the 

40 whole suriace of the specimen, but no difficulty is brought about as there is applied substantially no voltage 
to the semiconductor layer 16 and the fine particles 9 outside the electrode spacing L when electrons are 
emitted. Thickness of the semiconductor layer 16 and an-angement density of the fine particles 9 may vary 
depending on the coating conditions and how to prepare the fine particle dispersion, and the amount of 
electric currents flowing to the electrode spacing L may also vary in accordance with this. 

46 In addition to the atx)ve formation by coating, aiso available as a method for dispersing the fine 
particles 9 to the electrode gap region obtained in (2) is. for example, a method in which a solution of an 
organic compound is coated on the substrate followed by thermal decomposition to form metal particles. As 
an example, a solution is prepared using materials shown below: 

Rne particle materal: Pd organic metal compound (weight calculated as Pd metal) 3 g 
50 Organic solvent: Butyl acetate 1.000 g 
Organic binder Butyral 1 g 

This Pd organic metal compound solutfon is coated, followed by heating, so that the fine particles 9 
comprising Pd and the insulating layer 16 can be obtained. 

The semicorKluctor layer 16 comprises a film mainly constituted of the carbon obtained by the baking. 
55 This is a semiconductor layer having an electrical specific resistance of about 1 x 10~* ohm.cm or more. 

In the specimen obtained according to the above steps, the thickness of the semiconductor layer 16 
becomes smaller than the particle diameter of the fine particles 9. In other words, it has the structure that 
the fine particles 9. though embedded in the semiconductor layer 16, are fixed in the manner that they are 
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partly protruded. (Rg. 18) 

In the emtwdiment having been described above, the fine particles 9 has the structure That thev 

oSS ^vllV""'?"'"^?' !r "^'^■^'^ ^ covered wlTcaTbonS 

obtained by further coaling only the organic binder solution on the surface of this device followed Z 

' Cv:~7Z r ^"^'"^^ ' - — .ntorre^tr ct^^ 

«icn^! !° ""^ '^""^^ ""^y <=*'^9«d to increase the carbon and 

partcles 9 are included mto the semiconductor layer 16 or at least part thereof has protruded from the 
to semiconductor layer as illustrated in Fig. 21. uuou uom ine 

^n.?* "^^'T '!f'""^ '^^""^'^ ^'^^ ''^ *® production stops car be simplified 

I TJr^"^'^' '® '"'"'^ arrangement of the Sne par«cl^7 

It IS also possible to prepare the semiconductor layer 16 from materials other than the carbon namely 

S'lectinf «,e c^Jd H^'n^^"?"^^' ' ^r'""^""*"' "^'^ '^^^'^^d characteristics can be obtained b? 

selecting the conditions for the preparation and coating of the solution of these materials and for the bakinq 

::^;edi:isreZ""""' •^^^ " '^^'"^ ^^^^ 

.0 hav,S'rsS:reTsLr^^^^^^ '"^^ '^^'"""'^ - electron-emitting device 

A method of preparing the electron-emitting device illustrated in Rg. 23. 1) to 4) will be described 
Crossjections of a device are illustrated in succession to describe below an exampS J t^^ p^^ln 

1) The surface of a substrate 4 is degreased and cleaned. 
2S 2) On the substrate obtained in l), formed is a semiconductor layer 16 obtained by vacuum 

deposition, coating or printing and baking. 

^^Z, T? '^y«^ ^« 3" amorphous silicon semiconductor film or crystallized 

silicon semiconductor film obtained by vacuum deposition, a compound semiconductor film and a 
semiconductor film obtained by coating or printing and baking semiponauaor mm. and a 

bv?fa^m«'^*'?H'?*" be formed a hydrogenated amorphous silicon (A-SI:H) semiconductor layer obtained 
by plasma CVD. This semiconductor layer has a film thickness of approximately from SO angstroms to 10 
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3) Electrodes 1 and 2 are provided in the same manner as in (2) in Rg 19 

♦h. ® r ^''^^^'^ *^ ^""^ ""^^^ ^ <3> Fi9- Preferred to decrease 

tl^e amount of carbon in the coating solution or reduce it to zero to make small the thickness of the carbon 
film semiconductor layer formed at the electrode spacing region L This is because the effect of the 
semiconductor layer 16 can be better brought out by allowing an electric current !, flowing to the electrode 
spacing L to flow to the semiconductor layer 16 and the fine particles 9 as much as possible 

H^JZ^^ tl^^ "^"^"^ " '"^ ^'^^ P°^*'^'« to particles feasible for vacuum 

V * ""^'l?' to ^"^"""^ deposition, the fine particles can be formed by control of 

^aium deposition conditions such as substrate temperature or by a means Kke vacuum deposition such as 
masked vacuum deposition. 

».« """"■"^'^ ^"''""9 to the above 1) to 4), the semiconductor layer Aid 

«nHi.^„,? f ^ T ' '^P^'^*^ ''^P- '^^""•■"9 « S'^^*^' degree of freedom in the 

condlfions for forming the semiconductor layer. Accordingly, it becomes more possible to adjust char- 
artenst.es of Uie semiconductor layer 16. For example, changing ihe amount of an impurity dope and 
!Sr^ '"' t tor fom^ation in fomning a semiconductor makes it able to readily adi st the 

Z^^T^ , '^"""•"'^"'^tor layer 16. Accordingly, it becomes feasible to adjust the amount of 

S Sn^SgToi "'"''"^ '^^'^ « '^^""^^ »° ^'"^^ 

^jLnl^!^'^''^"f^l^ P'*'^"* l'^ven6on, the substrate Itself may also comprise a 

«1 if? * '^P'*^ *^ semiconductor layer 16. Rg. 24 illustrates a cross section of the 

device of this embodiment. As the semiconductor substrate 17. there can be used substrate materials 
^Z"^ fs|i^ Characteristics, as exempOfied by Si wafers. Usable as methods for obtaining the semicon- 
ri** Characteristics are ion implantation to a semiconductor substrate or 

insulator substrate and the like methods. 

This method enables adjustment of the specific resistance only at desired areas on the same plane. For 
this reason. ,„ instances where electron-emitting devices are integrated in a high density, the leakage 

/ 
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current among adjacent devices can be made small and the crosstalk can be decreased. Because of the 
arrangement on the same plane, this method further has the feature that no trouble such as disconnection 
may occur owing to poorness in step coverage on the stepped ends of the electrodes. 

Rg. 25 is a cross section explanatory of still another electron-emitting device of the present invention. 

5 The respective materials are constituted in the manner as described above, but in the preparation steps the 
semiconductor layer 16 is formed after the electrodes 1 and 2 and the fine particles 9 were formed. Thus 
the fine particles 9 are made to be included into the semiconductor layer 16 and fixed there. The surface of 
the semiconductor layer is thereafter shaved off by etching to give the structure that the fine particles 9 are 
fixed in the state that they protrude from the semiconductor layer. 

70 Fig. 26 (1) to (5) successively Illustrate cross sections of device to explain the preparation steps of the 
electron-emitting device illustrated in Rg. 5. An example of the preparation method will be described below. 

(1) The surface of the substrate 4 is degreased and washed. 

(2) Bectrodes 1 and 2 are provided in the same manner as in Rg. 19(2). 

(3) Rne particles 9 are provided in the same manner as In Rg. 19(3) (preferably using a dispersion 
75 containing no organic binder). 

(4) A semiconductor 16 is formed in the vicinity of the electrode spacing region L Here, in general* 
the semiconductor layer is deposited also on the surface of the fine particles 9, and so deposited that the 
particle diameters of the fine particles 9 may produce convexes, 

(5) Etching is applied mainly on the surfaces of the convexes of the semiconductor layer 16 obtained 
20 in (4). For example^ ion milling may be carried out in the state that the specimen is obliquely set so that 

the surfaces of the convexes of the semiconductor layer 16 are etched. As a result there is given the 
structure that part of each fine particle 9 is exposed from the semiconductor layer 16 at the etched portions 
and also fixed in the semiconductor layer 16. 

If alternatively the etching step is not applied, there is given the structure that the fine particles 9 are 
25 included into the semiconductor layer 16. 

In all the embodiments having been described above, the semiconductors and fine particles are 
arranged in the electrode spacing region formed on a plane substrate, but the present invention is by no 
means limited to these forms. 

For example, the electron-emitting device may take the form as shown in Fig. 1. i.e.. the vertical type 
30 one, (See Rg. 27.) This is a device in which the electrodes 1 and 2 are each formed on the other side of a 
stepped portion of the insulating layer 5 on the substrate 4. 

The present invention particulariy further provides a device in which the electrodes disposed In the 
electron-emitting device as illustrated in Rg. 8 are made to be disposed as in the vertical type as shown in 
Rg. 1. Le.. an electron-emitting device comprising a substrate provided thereon with an insulating layer in 
35 which fine particles are dispersed, a stepped portion formed at an end portion of the insulating layer on the 
top surface of the substrate, and an electrode provided each on the top surface of said insulating layer and 
on the top surface of said substrate; an end of each electrode being positioned at an upper end or lower 
end of said stepped portion in such a manner that at least part of the sidewall face at the stepped portion, 
of the end portion of said insulating layer in which the fine particles are dispersed may not be hidden; and 
electrode spacing being formed between said electrode ends, where electrons are emitted by applying a 
voltage between these electrodes [Fig, 28 (C)]. 

In Rg. 28 (a), (b) and (c). the numerals 1 and 2 denote electrodes for obtaining electrical connection; 4. 
a substrate; 9. fine particles; 5. an insulating layer containing the fine particles in a dispersed state; and 6. 

an electrode spacing. a. « 

In Rg. 28 (C). the electron-emitting device of the present invention is a device such that the fine 
particles 9 dispersed in the insulating layer 5 forming a stepped portion are arranged at the electrode 
spacing 6 formed between tiie electrodes 1 and 2 whose end portions oppose each other (but without 
overlap) at the stepped portion, where electrons are emitted from the fine particles 9 by applying a voltage 
between the electrodes 1 and 2. 

An example of preparation methods will be described below in relation to Rg. 28 (a), (b) and (c). 
Rrst tfie insulating layer 5 containing tiie fine particles 9 is built up on tiie substrate 4 by liquid coating 
or a like process [see Rg. 28 (a)]. 

Next, ttie insulating layer 5 is etched by photolithoetching so that a stepped portion is given 
substantially at the middle portion of the substrate 4 [see Rg. 28 (b)]. 
55 Then the electrodes 1 and 2 are deposited on the insulating layer 5 and the substrate 4 in such a 
manner at at least part of the sidewall of the stepped portion may not be hidden, thus forming the electrode 
spacing 6 [see Rg. 28 (c)]. 

The electron-emitting device of the present invention can be obtained according to tiie above process. 
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T J^ !T ^T^ f " f ^ ' ^^""^ ^ -"^y ^PP"«d to the electrodes 1 and 

2. and a lead-out electrode plate (not shown) may be disposed so as to oppose at the top surface of tt^e 
devce^to Which a high voltage Is applied, whereupon electronics are emitted from tTe vtSty of Se 

electrode spacing 6. j v ui^? 

wi.h?h?«,<S"'^' '"^'^"^l! ^'^ *^ electrodes, materials for the fine particles concerned 

with Uie electron emission and materials for and thickness of the insulating layer are as described in relation 

It can be confirm that an electron-emitting device comprising electrodes 1 and 2 formed oartlv 
. gil^^d^eSlte"'*'''^ '^'^"^ ^ '^"^^'^"^^ •''^ ^^"^"^^ ^^'"'"^^ 

Rn '^^^f '""f"*^'' ^ ' "'^ andJomied on a substrate 4 [see 

Fig. 29 m Thereafter an Insulating layer 5 containing fine particles 9 and an electrode material 2c are 
deposited [see Hg. 29 (b)]. and an electrode 2 and electrode spacing 6 are fom,ed by photolithoetchino 
thus forming an electron-emitting device [see Fig. 29 (c)). / h i« miuBigning. 

The present invention also provides an electron emission device as illustrated in Fig. 30 which is 
another embodiment of the electron-emitting device described in relation to Fig. 28 and at the sa^e time a 
preferred embodiment of the electron-emitting device illustrated in Rg. 1 

The electron-ernitting device illustrated in Fig. 30 comprises a substrate provided thereon with insulating 

nnrn'^T""^ , ,^ °" "'"^u''"^ ^'"P^^"^' " ^^PP^*^ P'''"^" between an en? 

portion of the insulating layer and the top surface of the substrate, and an electrode provided each on the 
top surface of said insulating layer and on the top surface of said substrate; an end of each electrode being 
positioned at an upper end or lower end of said stepped portion in such a manner that said electrode may 
not come into contact with the face on which the fine particles are dispersed; and electrode spacing being 

ISdes ^'^'"''^ """^'^ ^'^"^ ^PP'y'"9 ^ *»se 

In Rg. 30, the" numeral 1 and 2 denote electrodes for obteineing electrical connection: 4. a substrate- 
?;nir,h«^n"f the substrate 4; 9. fine particles on the insulating layer 5a: 5b. an insulating laye 

to cover the fine particles; and 6. electrode spacing between the electrodes 1 and 2 

In Fig. 30(d), the electron-emitting device of the present invention is a device in which the fine particles 
9 interposed between the insulating layers 5a and 5b are anranged at the electrode spacing defined 
behveen the electrodes 1 and 2 whose end portions oppose each other (but without overlap) at the stepped 
portion, and electrons are emitted from the fine particles 9 by applying a voltage between the electrodes 1 

A preparation method thereof will be described tielow. 
rf»n„'!i[r!:J*'M"^'!'f"^ °' deposited on the substrate by liquid coating, vacuum 

Rg 30 (a"] ^'^^^^^ ® dispersed on the Insulating layer 5a (see 

Next, the insulating layer 5b is built up or deposited on the insulating layer 5a and the fine particles 9 
by liquid coating or vacuum deposition or the lil<e process so that it may cover the fine particles 9 [see Hg. 

♦K^IT® '"su'ating layers 5a and 5b Interposing the fine particles are further fonned by photolithoetching so 
that me stepped portion can be given substantially at the middle of the substrate 4 [see Rg. 30 (c)I 

Thereafter, the electrodes 1 and 2 are deposited on the insulating layer 5b and the substrate 4 in such 
a manner that at least part of the sidewall of the stepped portion and the fine partictes 9 may not be hidden 
and also no electric short may be caused, to form the electrode spacing 6 [see Rg 30 (c)I 

The electrode-emitting device of the present invention can be obtained according to the above process. 
The present device may be placed in a vacuum container, a voltage may be appfied to the electrodes 1 and 
2. and a lead-out electrode plate (not shown) may be disposed so as to face the top surface of the device 
to which a high voltage is applied, whereupon electrons are emitted from the vicinity of the electrode 
Spacing 6. 

The present Inventfon may still also be embodied for the electron-emitting region 3 by forming an 
electron-emitting layer 3a and electron-emitting bodies 3b. ' « . 

for sZ^^£'J^y!'T''''T 'V^-J'- ^ electron-emitting device having the structure that, 

for example, the embodiments of Rg. 3 and Rg. 5 previously described are combined 

In Rg. 31, the electron-emitting device of the present invention is a device comprising a laminate 
compnsing an insulating layer 5 held between a pair of elecUodes whose end portions oppose each other, 
wherein the elecfron-emltting layer 3a is included into the Insulating layer 5 in such a manner that the 
sidewall face of the electron-emitting layer 3 a may be disposed along the sidewall face of the insulating 
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layer 5 formed at the opposing portion at which the electrodes 1 and 2 oppose each other, and the 
electron-emitting bodies 3b are further disposed at the surface of said sidewall, where electrons are emitted 
by applying a voltage between the electrodes 1 and 2. 

The materials and methods for forming the device are as described previously, 
i Besides taking the structure as Illustrated in Rg. 31 to form the electron-emitting region 3. it is also 
desirable to. as shown in Fig. 33, form a stepped portion 18 with an Insulating layer 5 containing fine 
particles (electron-emitting materials) 9 and at the same time provide electron-emitting bodies 3b on the 
side surface of said stepped portion. 

Alternatively, as shown in Rg. 35. fine particles (electron-emitting materials) 9 may be anranged on an 
0 insulating layer 5a. the fine particles are further covered thereon with an insujating layer 5b to form a 
stepped portion, and electron-emitting bodies 3b may be further anranged on the side surface of said 
stepped portion to form an electron-emitting region. 

In the present invention, the device may also comprise an electron-emitting region obtained by three or 
more of its formation methods as shown in Rg. 36. 
5 Incidentally, in the case where the fine particles are used as the electron-emitting bodies 3b dispersed 
on the side surface or the electron-emitting materials 9 contained in the insulating layer as described above, 
it was confirmed that employment of two or more kinds of different materials as said Hne particles enables 
better control of the characteristics as the electron-emitting device. 

Usable as materials for the fine particles are the materials same as those described in relation to Rg. 8. 
10 Selecting appropriately two or more kinds of different materials among those materials as occasion 
demands and using them as the fine particles makes it possible to not only achieve electron emission but 
also improve or control the characteristics of intended electron-emitting devices. 

For example, since in the electron-emitting device of the present inventfon an electric current in the 
direction of electrodes is indispensable for electron emission, it is possible to lower the drive voltage of the 
25 device by incorporating fine particles of relatively low resistance nature (for example, incorporating Pd or Pt 
fine particles in SnOa fine particles). 

It can be also expected to increase electron emission by adding to Pd fine particles, low work function 
materials as exemplified by LaBs or materials having a large coefficient of secondary electron emission as 
exemplified by an AgMg alloy. 
30 The present invention can be also effective not only for the embodiment using the fine particles of two 
or more of different materials, but also for the instance where the fine particles, even though comprised of 
one kind of materials, are constituted of two or more kinds having difference only in physical parameters 
such as average particle diameter and shapes. 

For example, the particle diameter may be made to comprise two kinds, one of which is so fine (as 
35 exemplified by a particle diameter of about 100 angstroms) that the effect of electric fiekJ emission can be 
greatly exhibited, and the other of which Is relatively so large (as exemplified by a particle diameter of 
about 4,000 angstroms) as to be contributory only to electrical conductivity, so that the former can realize 
increase in the amount of electron emission, and the latter, driving with a low voltage. 

It Is of course also possible to utilize the materials by making combination both of the above-described 
40 two or more kinds of different materials and two or more kinds having difference in physical parameters as 
in particle diameter. 

To forni the fine particles by dispersion, most simple and convenient is a method in which a dispersion 
of fine particles comprising desired materials is coated on a substrate or the like by rotary coating, dipping 
or the like technique, followed by heating to remove a solvent, a binder and so forth. In this instance, 
46 adjusting the particle diameter of fine particles, content thereof, coating conditions, etc, enables control of 
the state of distribution of their dispersion. 

There Is no established theory as to the mechanism by which the electrons are emitted from the 
electron-emitting device according to the present invention, but it is presumed to be nearly as follows: 

Presumed are the electric field emission because of the voltage applied to a narrow insulating layer 
50 gap. or the secondary electron emission occuning when the electrons emitted from electron- emitting 
materials are diffracted or scattered by the film of the island-Uke stmcture or the electrodes, or caused by 
collision, or the thermionic emission, hopping electrons. Auger effect, etc. 



55 EXAMPLES 

Specific examples of the present invention will be described beiow. 
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Example 1 

.^Z'JJi^lj^uJZoT " ^^''^ ' P-^^''"^ e.ec,n„ven,itUng 

IhJ." ^ '^'^ ""^^ * ^ ^' ^ °^ angstroms 

H«JiSi"^' vapor deposited to form an insulating layer 5a of 1.000 angstroms thick. Au was vapor 
Sffnlfn f ^^^'^•"'"'"9 "y^^ 3a to have a thickness of 500 angstroms, and an insulating lay^Sb 
was ateo formed in the same manner as for 5a. thus bringing these three layers into lamination 

Then these were partly laminated on the electrode 1 as illustrated In Flq 3 fa) alona the oattfim of «,« 
iSlV' ^"""^^^ - ^" e,ectrode'2-y^;liKci'^ 

As illustrated la Rg. 3 (b). the electrode 2 was subjected to patterning by usual photoOthographic 
process ak)ng the patterns of the electrode 1. insulating layer 5a. electron^mitting layer 3a and inlLEg 
7Vl\i^ "'^ ^ 2b were electrically sepLted. and here C^l 

at which the electrode 2b and electrode 1 overlap was made as small as possible °ne erne area 

eiaci^S f / and 2b. there was obtained emission of an 

sS '"^^ 2^ to the paper 

^„,iM°iIr/'°''''°"*^""*""? '^^^ "^"^"y '"^y ^ '^'^'^ simnar to the small island 

strurture among najrow cracks in the conventional film prepared by forming. If its film thickness is iSo 

sl^tTre. ' 1 and 2b are electrically insulated, and thus the layer acts slmil^ly to the isl^d 

Example 2 

int^rlwP;/; T.°I!^.^ '° ® "'^ •^9- 3- this- figure, the numeral 8 denotes an 

teyer electrode. In the present Example, subsequent to the fomiation of the insulating layer 5b. a step to 

Z, oT "^k' °' '-^^ "'9*''^^ Pa««"""9 added to the prepa^tion 

Spte? ^ "^'""^ """9 3 *'«=^«ss of 5.000 angsfr<^r«°J 

Applying a voltage of 20 V between the electrode 2a and 2b of the device thus obtained, there was 
obtained emission of an electron beam 7 of 0.5 uA per 1 mm length of width of the electrode 2a in the 
direction vertcal to the paper surface. 



40 Example 3 

rt.lT.V'^M-^^ !^ fJ^ ^"^^^ illustrating an example for a method of preparing the electron-emitOng 
delllDtLTflirsrLbsflate^^''" embodiment of the present invention. In Rg. 6 (a), (b). the numeral 4 

w»h '^^^ ^'^ Sickness: an electron^mitting layer 3a. 

^9f;o^*hickness; and an insulating layer 5b. with SIO^ in 500 angstrom thicknese. each of 
^^^1 ? a ^ '^^P^^'""" ^'^ thereafter, as Illustrated in Rg. 6 (a), etched to have a 

T^J T « z!. ^"^ ^^"^"""9. Next, electrodes 1 and 2 are deposited. The electrodes are. as 
llustrated in fig 6 (b). are deposited on the insulating layer 5a and 5b and the stepped portion forme*^ by 

.h! SrrT? ^ "'^ °' ^ ^ ^^'^^^^^ °* '-^^ angstroms. In this occasion, generally 

the electrode 1 wMI not come into contact with the electron^mitting layer 3 if the thickness of the electrode 
B made smaller than the height of the stepped portion of the insulating layer 5a. i.e.. the step coverage is 
ttliymer"""'' electrode spacing 6 can be made narrower if the insulating layer 5b is made 

" electron-emitting device obtained according to the above process was placed in vacuum, a voltage 

IL '^^ f^" !. ' P™^'**^'* an upper area in the drawing, and a 

'^K °' ^""^ '2 ^ ^'"'^ ^"^^ electrcdos 1 and 2. resulting in emission of 
electrons from the electron-emitting region 3. . » wi 
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Example 4 

(See Rg. 2.) On a glass substrate 4. an insulating layer 5 was deposited using Si02 to a thickness of 
2.000 angstroms. Ths was etched to have a stepped, shape to effect patterning. Next, electrodes 1 and 2 
vsrere deposited with Ni in 1.000 angstroms thickness by vacuum deposition with masking to desired 
shapes. Here, the step coverage by vapor deposited NI at the stepped portion was generally made poor, 
and the electrode spacing 6 was formed in a space of about 1,000 angstroms. Fine particles were made to 
be fixed here as electron-emitting bodies 3b. The fine particles are obtained, for example, by the following 
manner. Namely, prepared is a solution of fine particles of metals such as Pd. having a particle diameter of 
several 100 angstroms as materials serving as the electron-emitting bodies 3b. This solution was coated by 
spin coating, and baked at a temperature of about 300 to fix the fine particles to the electrode spacing 
region. The resulting device was able to emit electrons by driving it as in Example 3. 



15 Example 5 

In the constitution in Fig. 8, fonr^ed on a soda lime glass substrate 4 was an insulating layer 11 
comprised of a lead oxide type tow-melting glass coating film. 

Pi electrodes 1 and 2 were further formed thereon with a thickness of 1.000 angstroms. L » 0.5 urn 
and W = 300 urn, and Pd. as fine particles 9, of several hundred angstroms in particle diameter were 
further an-anged in a dispersed state between said electrodes. 

The Pd fine particles 9 were arranged by spin coating (3.000 rmp; coating was repeated five times), 
using a butyl acetate solution (Catapaste CCP-4230. available from Okuno Seiyaku Kogyo) containing an 
organic palladium compound in an amount of about 0.3 % in terms of Pd metal, and treated by heating at 
250' C. They were then baked for 20 minutes at 450* C to bring the fine particles to be included into the 

insulating layer 11. -pv- 
Here, the amount of an electric cun^nt flowing to the electrode spacing L was about 5 aA/5V. This 
specimen was subjected to pickling using an aqueous 5 to 10 vol.% HCI solution, resulting in the amount of 
electric current of 250 UA/5V. 

The specimen prepared according to the above process was placed under vacuum of 10*' Torr or 
more and a voltage was applied between the elecUodes 1 and 2 as described above. As a result, an 
electric current V, flowed on the surface of Inside of tiie Insulating layer 11 or through the fine particles 9. 
and a stable electron emission was confirmed when a voltage was applied allowing an lead-out electrode 
(not shown) to serve as the anode. The electron emission was also confirmed in regard to a specimen to 
35 which no pickling was applied. 

Results of measurement on the electron-emitting device prepared In the present Example are shown in 
Table 1. Swing of the emitted electric cunrent is indicated witii a value obtained by dividing the amount of 
change Al, in the amount of the emitted electric current of 1 x 10-^ Hz or less by the emitted electric 
cun-ent I, and multiplying it by 100. i.e., AUU x 100. 
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Table 1 



Vf Device 
drive voltage 

Present 
Example: 


1. Emitted 
current 


Efficiency (Emitted cun-ent 
\t/ Device current W 


Ufe' 


Swing of 
emitted current 


30V 


0.8 uA 


8x10"3 


100 hrs or more 


10% 



• Life: The pertod in which the emitted electric current comes to 50 % or less 



The above results, as compared with the results of measurement of a surface conduction electron- 
emitting device comprised of ITO materials that required the forming the conventional technique (drive 
55 voltage of the device: 20 V; emitted electric current 1.2 uA: efficiency: 5 x lO"'. life: 35 hours; swing of 
emitted electric current: 20 to 60 %), can tell the following: 

The electron-emitting device of the present Example is stable and of long life, and shows high charactens- 
tics in the electron-emitting efficiency. 
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Example 6 

Example 5 was exactly repeated except that the baking for 20 minutes at 450* C was replaced by 
complete baking for 2 hours at 490 C. to carry out an experiment 

The device obtained by the above experiment gives a device in which alt the fine particles 9 are 
penetrated into the insulating layer 11 (Fig. 9). 

The same measurement as in Example 5 was made on this electron-emitting device to obtain the same 
electron emission as In Example 5, but It tended to have a longer life and show further decreased swing of 
the emitted electric current 

More specifically, the electron-emitting device in which the fine particles are included into the insulating 
layer as in the present Example 6 is characterized by being more improved in the Ufe and the swing of 
emitted electnc current in addition to the effect obtainable In Example 5. 



15 Example 7 



20 



Example 5 was exactly repeated except that the baking for 20 minutes at 450* C was replaced by 
baking for 10 minutes at 420 C. ^ 

The device obtained by the above experiment gives a device as shown in Rg. 10. The electron-emitting 
device in which the fine particles are slightly penetrated into the insulating layer brought about an electron- 
emitting device having more improved emitted electric current and emitted current efficiency (M.) In 
addition to the effect obtainable in Example 4. r 



26 Example 6 



The surface of the insulating layer 11 at the electrode spacing L of the electron-emitting device 
obtained in Example 6 was etched using an aqueous 5 VoL% Hf solution to bring the fine particles 9 to 
expose from the insulating layer 11, so that there was obtained a devk:e having the same structure as In the 
30 above Example 7. 



Example 9 

Using a substrate 12 comprising porous glass having a pore size of 80 to 1.000 angstroms in which 
gold fine partcles were deposited to have a device resistance of from t megaohm to 10 megaohms, there 
was given an electron-emitting device of the present invention (Fig. 9). 

Measurement on said device was carried out in the same manner as in Example 5. Results are shown 
m Table 2. 

Table 2 



Vf Device 
drive voltage 

Present 
Example: 


la Emitted 
current 


Efficiency (Emitted current 
y Device cunrent 1,) 


Ue* 


25 V 


1.0 UA 


2x10-3 


1,000 hrs or more 



• Ufe: The period In which the emitted electric current comes to 50 % or less. 



ss 



It was revealed from the atjove results that the electron-emitting device of the present invention 
becomes an electron-emitting device that Is stable (i.e. small in the swing of the emitted electric current) 
and of long life and has a high electron emission efficiency as compared with a conventional device 
obtained by forming of gold (device drive voHage of: 16 V; emitted current: 0.8 uA; efficiency 1 2 x lO"*- 
life: 35 hours: swing: 20 to 60 %). After the experiment for electron emission, the degree of devic^ 
deterioration was observed by using a scanning type electron microscope, but there was seen little change 
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in the diameter or distribution of the fine particles of gold present between the electrodes. However, me 
device obtained by forming of gold showed an extreme deterioration at the high resistance part discussed 
in the prior art. 

The device according to the present Example 9 was able to be readily intergrated with less irregularities 
5 between devices even when a number of the devices were formed on the same substrate. 

Example 10 

10 Referring to Fig. 16, obtained was an electron-emitting device comprising a colored glass (golden red 
glass) substrate 14 having gold colloids. 

The same measurement as in Example 5 was made on said electron-emitting device. Results obtained 
are shown in Table 3. 

IS Table 3 





Vf Device 
drive voltage 


U Emitted 
current 


Efficiency (Emitted cun-ent 
le^ Device current If) 


Life- 


20 


Present 
Example: 










32 V 


0.6 uA 


2 X 10-2 


2,000 hrs or more 



• Life: The period in which the emitted electric current comes to 50 % or less. 



As will be seen also from Table 3. the electron-emitting device of the present Example is stable (i.e. 
small in the swing of the emitted electric current) and of long nfe and has a high electron emission 
efficiency. After the experiment for electron emission, the degree of device deterioration was also confirmed 
by using a scanning type electron microscope, but there was seen little change in the diameter or 
distribution of the fine particles of gold present between the electrodes. In contrast therewith, the 
conventional device obtained by forming of ITO shows an extreme deterioration at the high resistance part 

There was also obtained similar results in the case when, after fine particles are deposited in the glass, 
the substrate surface was treated with an aqueous hydrofluoric acid solution so that metal colloids may be 
protruded in a large number from the surface of the glass substrate, thus giving an electron-emitting device 
of the present invention. 

Example 11 

40 

On a clean, quartz glass substrate of about 1 mm thick, a solution prepared by mixing an organic 
solvent (Catapaste CCP. available from Okuno Seiyaku Kogyo) containing an organic palladium compound 
vWth a Si02 liquid coating preparation (OCD, available from Tokyo Ohka Kogyo) to have a molar ratio of 
Si02 ; Pd of about 5 : 1 was spin-coated with a spinner. Thereafter the resulting coating was baked for 1 
hour at about 400* C to obtain a SiOa insulating layer 11 having a film thickness of about 1»000 angstroms 
and containing Pd fine particles 9. After this step, the surface of the insulating layer 11 was etched using an 
aqueous hydrofluoric add to bring the fine particles 9 to protrude from the insulating layer 11. 

Nojrt, on the SIOz insulating layer 11, a photoresist was formed by photolithography with a thfckness of 
abut 0.8 am in the shape giving an electrode spacing L Further on the SiOa insulating layer 1 1 and said 
photoresist, a Ni thin film was deposited with a thickness of 1,000 angstroms according to the masking EB 
vacuum deposition that obtains shapes of electrodes. Thereafter the photoresist was peeled to carry out a 
lift-off step to remove unnecessary Ni thin film on the photoresist Thus the shapes of the electrodes 1 and 
2 and electrode spacing L as shown In Fig. 8 can be formed. In this instance, each dimension shown in Rg. 
8 was set to be L = O.u um, W = 300 um and A = 2 mm. 

Electron emission characteristics of the electron-emitting device obtained according to the above 
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process were measured to have revealed that there was obtained electron emission of. approximately 
emitted electric current f, = 1 uA and emission efficiency « = 5 x 10-» under the drive voltage V, = 30 V 
of the devica The Hfe and the swing of the emitted electric current were in substantially the same level as 



10 



Example 12 

Example 11 was repeated but replacing the organic palladium compound by SnOz fine particles of 100 
angstronris in average particle diameter, to obtain a similar electron-emitting device, and similar experiments 
^carried out. As a result there was obtained electron emission of substantially the same level as in 



»5 Example 13 

In the constitution as illustrated in Rg. 17, a semiconductor layer 16 of about 100 angstroms thick was 

"""9 * ^^^^"^'^ '^-^ » organic substance. 

Palladium fine particles of about 100 angstroms in diameter are dispersed in the semiconductor layer 

Electrodes 1 and 2 were also formed with Pt to have a thickness of 1.000 angstroms, a spacing of 0 8 
iim, and a width of 300 um. r a •« 

Applying a voltage between the electrodes 1 and 2 prepared In the above produced a flow of an electric 
cun-ent I, through the semiconductor layer 16 and fine particles 19. and a stable electron emission was 
confirmed when a voltage was applied allowing an lead-out electrode to serve as the anode 

Comparison of examples of characteristics were made between the electron-emitting device prepared in 
the present Example, having a semiconductor, and a prior art surface conduction electron-emitting device 
comprised of ITO and requiring the forming, to obtain the results shown In Table 4. Swing of «ie emitted 
elertric current is indicated with a value obtained by dividing the amount of change Al. In the amount of the 
emitted^electnc current of 1 x 10-3 hz or less by the emitted electric current I. and multiplying it by 100. 
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Table 4 



45 



35 


Vf Device 
drive voltage 


U Emitted 
current 


Efficiency (Emitted current 
IJ Device current If) 


Life* 


Swing of 
emitted current 




Present 
Example: 










40 


15 V 


4uA 


1 X 10-3 


800 hr$ or more 


15 % 




Device of forming of ITO: 










20 V 1 




5 X 10-3 


35hrs 


20 - 60 % 



• Life: The period in which the emitted electric cun'ent comes to 50 % or less 



As will be clear from Table 4. Uie surface conduction electron-emitting device of ttie present Example is 
charactenzed by being stable and of long life, showing a low drive voltage and a large emitted electric 
so cun^ent. 

Example 14 

" rJl*! constitution illustrated in Rg. 22. an A-Si:H film was deposited on a glass substrate 4 by plasma 
CVD 0 have a thickness of 2,000 angstroms, thus giving a semiconductor layer 16. Electrodes 1 and 2 
were formed with Pt to have a thickness of 1,000 angstroms, a spacing L of 0.8 um. and a width W of 300 

um. 
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Pd, as fine particles 9. of several 100 angstroms in diameter were further arranged in a dispersed state 
between said electrodes* 

The Pd fine particles 9 were arranged by spin coating (3,000 rpm; coating was repeated five times), 
using a butyl acetate solution (Catapaste CCP-4230, available from Okuno Seiyaku Kogyo) containing an 
organic palladium compound in an amount of about 0.3 % in terms of Pd metal, and treated by heating at 
250 *C. The electron-emitting device prepared in the present Example, having a semiconductor, was 
evaluated in the same manner as In Example 13. As a result, it was able to obtain similar electron emission. 



10 Example 15 

In the constitution Illustrated In Fig. 25, electrodes 1 and 2 were formed on a glass substrate 4 with Pt 
to have a thickness of 1.000 angstroms, a spacing L of 0.8 urn, a width W of 100 um. 

Fine particles were prepared in the same manner as in Example 14, and hydrogenated amorphous 
75 silicon was formed as a semiconductor layer 16 by plasma CVD to have a thickness of about 500 
angstroms. 

Thereafter the convexes on the semiconductor layer 16 were etched by ion milling. 

The electron-emitting device prepared according to the above process was evaluated In the same 
manner as in Example 12 to have found that there is obtained similar electron emission. Particularly in the 
20 present Example, different from Example 14, the electron-emitting device In which the fine partfcles 9 were 
fixed in the semiconductor layer 16 had a tendency of stableness in electron emission in addltk)n to the 
effect obtainable in Example 14. 



25 Example 16 

An electron-emitting device was obtained according to the previously described preparation slops (a) to 

(c) of Rg. 28. ^ w . . 

More specifically, on a clean, quartz glass substrate of about 1 mm thick, a solution prepared by mixing 
30 an organic solvent (Catapaste CCP, available from Okuno Seiyaku Kogyo) containing an organic palladium 

compound with a SiOz liquid coating preparation (OCD, available from Tokyo Ohka Kogyo) to have a molar 

ratio of SiOz : Pd of about 5 : 1 was spin coated with a spinner. Thereafter the resulting coating was baked 

for 1 hour at about 400*C to obtain a SiOa insulating layer 5 having a film thickness of about 1,500 

angstroms and containing Pd fine particles 9 [see Fig. 28 (a)]. 
36 Next, the insulating layer 5 was etched by photolithoetching with use of an aqueous hydrofluoric acid 

solution to form a stepped portion of about 1,500 angstroms high at the middle of the substrate 4 (see Rg. 

28 (b)]. 

Thereafter, Nl electrodes 1 and 2 of about 500 angstroms in film thickness was formed by deposition 
utilizing EB vacuum deposition in the manner that the stepped portion may not be completely covered. 
40 In this instance, there is given the structure that the electrodes 1 and 2 oppose each other with certain 
spacing, across the side wall of the stepped portion of the insulating layer 5 containing the fine particles 9. 
This space is designated as electrode spacing 6 [see Rg. 28 (c)]. 

Electron emission characteristics of the electron-emitting device obtained according to the above 
process were measured to have revealed that there was obtained electron emission of, approximately, 
45 emitted electric current t» « 2,5 uA and emission efficiency a = 5 x 10"^. 



Example 17 

According to the previously described preparation steps (a) to (c) of Rg. 29, prepared was an electron- 
emitting device of the constitution that an insulating layer is held between electrodes. 

More specifically, on a clean, quartz glass substrate 4 of about 1 mm tWck. an Ni electrode of about 
500 angstroms in film thickness was deposited by EB vacuum deposition to form an electrode 1 by 
photolithoetching (see Rg. 29 (a)l. 

Next, on the surface of the electrode 1 and the substrate 4, a SiOa insulating layer 5 containing Pd fine 
particles 9 was deposited in the same manner as In Example 16 to have a film thickness of about 1,000 
angstroms, A Ni thin film of about 1.000 angstroms in film thickness was further deposited on the StOz 
insulating layer to give an electrode material 2c [see Rg. 29 (b)}. 
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Thereafter on the Ni thin film, formed was a photoresist in the shape of an electrode 2 partly 
e ecfrode material 2c and msulating layer 5 were etched, followed by peeling of the resist to fom^ he 

5 :r t .n S^^Z. T"^ '""""^ ""^^^ ^ °' ^ -'^^ ^« 

Electron emission characteristics of the electron-emitting device obtained according to the above 
process were measured. As a result, there was obtained the same electron emission as in Example 18. 

fO Example 18 

Example 16 was repeated except that the material for fine particles and tiie organic solvent comprisino 
the organic metal compound were replaced by a SiO^ liquid coating preparation in which SnTfinS 
particles Of about 100 angstroms in primary particle diameter were disirred^o c^ay oT^ ex^rZl 
;s As a result, there was obtained the same electron emission as In Example 16. experiment 

Example 19 

,Hv ^" ®'^'"^'^*ttl"9 tl^^ce was obtained according to the previously described preparation steps (a) to 

(0/ OT rlQ. 30- 

More specifically, on a clean, quartz glass substrate of about 1 mm thick, a SiO* liquid coating 
CS"^ ''T'*^ CCP. available from Okuno Seiyaku Kogyo) was spin-coated with a sp^ner 
Thereafter the coating was baked for 1 hour at about 400*0 to oWain an Insulating layer 5a comprised o 
S.0, and having a film thickness of about 1.000 angstroms. Subsequently, on the insulating layer 5a an 
Zi!™ H * ^""''"''^ """"^ '<«9y''> ~"taining an orgL Ma^ urn 

tTTv r ^^J! ^ ^P'""^'- '^^^^^ coating was baked for 10 minutes at about 250* C 

l^er sXeVg-TSr °' """'"^ ^'^^^ 

CO Jh'?; m ''^'^"^^ ^J"*^ '"^""^""S layer 5a. an Insulating layer 5b comprised of SiO^ was 

coated in the same manner as the insulating layer 5a to have a film thfckness of about 500 angstroms, 
followed by baking [see Hg. 30 (b)]. -"sauoms. 

nhotlS!"!!!^' '"""'^"9 5a and 5b were etched using an aqueous hydrofluoric add solution by 
photohthoetching to form a stepped portion of about 1.500 angstroms high at the middle of the substrate 4 
isee rig. 30 (c)j. 

NI electrodes 1 and 2 of about 5.000 angstroms in film thickness was further formed by deposition 

^^yJV'^T "^^^'^^ ^ Stepped portion may not be completely covered. A 

space thus formed is designated as electrode spacing 6 (see Rg. 30 (d)] 

Electron emission characteristics of the electron-emitting device "obtelned according to the above 
process were measured to have revealed that there was obtained electron emission of . approximately, 
emitted electric current I, » 2.0 uA and emission efficiency a = 8 x 10"'. 

Example 20 

As Illustrated in Fig. 32. a Ni electrode 1 of 500 angstroms thick was formed on a glass substrate 4 by 

Zl^of ^- °i! ^'^'^"^ ^ '"'"'^"9 ''y^^ ^ SiO. was fomned by vacuum 

depositon ublizmg sputtenng to have a film thickness of 1 ,000 angstroms 

ri^JH^ ? electron^mitting layer made of Au was formed in 500 angstroms thfckness by vacuum 

T^T "^l' ^ '"="'^""9 layer 5b (SiO,) was formed with a film thickness of 

1.000 angstroms by sputtenng. 

After the respective layers of the Insulating layer 5a. electron-emitting layer 3a and Insulating layer 5b 
^ \^n^\r^^Bd on the electrode 1 as illustrated in Rg. 32 <a) along the pattern of 
ttie electrode 1. followed by patterning. Next, an electrode 2 is laminated. The electrode 2 was made of Ni 
to make winng resistance lower. The thickness thereof was controlled to 5.000 angstroms to obtain 
necessary wiring resistance. 

After ttie electrode 2 was laminated by vacuum deposition, the electrode 2 was subjected to patterning 
by. for example, usual photolithographic process along the patterns of the electrode 1. Insulating layer 5^ 
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electron-emitting layer 3a and insulating layer 5b as illustrated in Fig. 32 (b). 

A Pd organic, metal solution (Catapaste. available from Okuno Seiyalai Kogyo Co.) was spin coated as 
an electron-emitting layer, followed by baking for 10 minutes at 250* C to provide electron-emitting bodies 
on the surface of a side wall of the insulating layers. A voltage of 14 V was applied between the electrodes 
2a and 2b using a lead-out electrode (not shown) provided above the device substrate, and a lead-out 
voltage of 500 V was applied to obtain emission of electron beams 7 of 1 .7 uA. 



Example 21 

10 - ^ 

Fig. 33 (d) illustrate a cross section of a electror^emitting device obtained in the present Example [See 

Fig. 33 (a) to (d) as to the preparation steps]. 

On a dean, quartz glass substrate 4 of about 1 mm thick* a solution prepared by mixing an organic 
palladium compound solution (Catapaste CCP, available from Okuno Seiyaku Kogyo) with a Si02 Iquid 

15 coating preparation (CCD, available from Tokyo Ohka Kogyo) to have a molar ratio of SiOj : Pd of about 10 
: 1 was spin coated with a spinner. Thereafter the resulting coating was baked for 1 hour at about 400* C to 
obtain a Si02 insulating layer 5 having a film thickness of about 3.500 angstroms and containing electron- 
emitting materials 9 (Pd fine particles) [see Rg, 33 (a)]. 

Next, the insulating layer 5 was etched by photolithoetching with use of an aqueous hydrofluoric acid 

20 solution to form a stepped portion 18 of about 3.500 angstroms high at the middle of the substrate 4 [see 
Fig. 33 (b)]. 

Thereafter, Ni electrodes 1 and 2 of about 500 angstroms in film thickness was formed by deposition 
utilizing EB vacuum deposition to have the shape Jllustrated in Rg. 33 (c) in the manner that the stepped 
portion may not be completely covered. 
25 Bectron emitting bodies 3b were further provided on the surface of a side wall of the insulating layer in 
the same manner as in Example 19 [see Rg. 33 (d)]. 

Electron emission characteristics of the electron-emitting device obtained according to the above 
process were measured to have revealed that there was obtained electron emission of, approximately, 
* emitted electric current U = 4 uA and emission efficiency o » 2 x lO*'. under applied device voltage V, - 
30 14 V and lead-out voltage V» = 1 kV. 



Example 22 

Example 21 was repeated except that the organic metal compound solution that formed the electron- 
emitting bodies 3b in Example 21 was replaced by a SiOz nquid coating preparation in which SiOa fine 
particles of about 100 angstroms in particle diameter were dispersed, to form a similar electron-emitting 
device- There were obtained substantially the same results as in Example 21. 



Example 23 

Similar results were obtained also when the organks metal compound solution employed to form the 
electron-emitting bodies 3b in Example 20 was replaced by a coating preparation in which SnOz fine 
particles of about 100 angstroms in particle diameter were dissolved by dispersion together with an organic 
binder. 



Example 24 

50 

On a substrate a Si02 film is vacuum deposited to form an insulating layer 5a. on which Pd is vacuum 
deposited in a thickness of 500 angstroms (electron-emitting layer 3a) and further an insulating layer 5b is 
formed by vacuum deposition of a SiOz film {see Rg, 34 (a)l. 

Next, the insulating layers 5a. 5b and electron-emitting layer 3a are etched to fonm a stepped portion 18 
56 [see Rg. 34 (b)]. 

Thereafter, Ni is applied by masking vacuum deposition in a thickness of 500 angstroms to form 
electrodes 1 and 2 [see Rg. 34 (c)]. 

An organic palladium solution is further coated on the surface of the device substrate, followed by 
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baWng to provide electron^mltting bodies 3b on the sidewail of the stepped portion [see Rg 34 (d)J 

The resulting electron^mitting device has the stnxrture that electron-emitting materials are present only 

in the vicinity of the stepped portion in contrast with Example 20. 
Good results were obtained as in Example 20. 

Example 25 

Example 24 was repeated to obtain an electron-emitting device, except that the Pd fine particles film of 
the electron^mit^ng layer 3a In Example 24 was replaced by a layer obtained by coating a Pd fine 
particles dispersed solution as shown In Fig. 36. r y a i-u miK, 

There was obtained the same electron emission. 



76 Example 26 

The s^e electron emission as in Example 20 was obtained also In a device in which as illustrated in 
Rg. 36 a Pd vapor-deposlted film serving as an electron-emitting layer 3a was disposed in an insulating 
layer 5 containing electron-emitting materials 9 as Pd fine particles, a stepped portion was formed, and 
electron-emitting bodies 3b were further provided on the sidewail of the stepped portion by coating an 
organic palladium solution followed by baking. 

Example 27 

In the constitution illustrated in Rg. 37. on a glass substrate 4. titanium electrodes 1 and 2 were formed 
wrth a thickness of 1,000 angstroms. L = 0.8 urn and W = 300 urn. and thereafter SnOj and Pd were 
arranged as fine particles in a dispersed state between the electrodes. 

^^"^ ^ <iispersion (SnOj: 1g; solvent MEK (methyl ethyl ketoneVcyclohexanone 

= 3/1. 1.000 cc; butyral: 1 g) having a primary particle diameter of 80 to 200 angstroms was spin-coated 
followed by heating. A Pd dispersion having a primary particle diameter of about 100 angstroms was further 
spin coated, followed by heating to obtain an electron-emitting device. 

A voltage of about lO"? Torr was appRed between the electrodes of the device thus formed. As a result 
there was obtained an electron emission current of 1.1 uA under an appfied voltage of 15 V. 

Thus, substantially the same electron emission is obtained even under the applied voltage of lower by 
approximatly 5 volts than that of the device containing no Pd fine particles and solely comprised of SnOj. In 
this manner, the drive voltage was able to be lowered by the device containing different kind of fine 
particles. 
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Example 28 

In regard to the SnOa dispersion of Example 27, a dispersion of SnOz of 80 to 200 angstroms In 
partcle diameter and a dispersion of SnOz of about 3.000 angstroms in particle diameter were prepared, 
and two kinds of the SnOa dispersions were coated in the same manner as in Example 27 but in one step 
for each dispersion, thus arranging fine particles in a dispersed state to obtain a electron-emitting device. 

As electron emission characteristics of the device thus formed, there was obtained an electron emission 
current of about 1.1 it A under an applied voltage of 17 V. 

Thus, substantially the same electron emission is obtained even under the appUed voltage of as about 3 
V lower than that of the device obtained by coating in two steps tiie dispersions of SnOz of 80 to 200 
angstroms in particle diameter. In this manner, the drive voltage was able to be lowered by adding the 
particles having a larger particle diameter. 
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[Effect of the invention] 

As described above, according to the electron-emitting device of the present invention and the method 
for preparing the same, electron-emitting devices that can have stable structure even if the electrode 
6 spacing having the electron-emitting materials is made very narrow can be formed without applying the 
forming required in the prior art. 

Accordingly, the electron-emitting devices . prepared by the present invention are quite free from the 
difficulties conventionally accompanying the forming treatment, so that it becomes possible to manufacture 
the devices having less in-egularities in characteristics, in a large number and with ease, bringing about 
10 great industrial utility. 

The electron-emitting device obtained by the present invention can also be utlfized in planar display 
devices in which the electron-emitting devices are mounted in a single plane and electrons emitted by 
applying a voltage ar© accelerated to stimulate phosphors to effect light-emission. 

An electron-emitting device that is stabler and of longer life and also has a good efficiency can also be 
15 obtained by bringing the electrode constitution into a multi-layer constitution. 

Also, the electron-emitting device in which the fine particles are fixed in the insulating layer is free of 
any movement of the fine particles during drive, and thus can be an electron-emitting device that is stable 
and of elongated life. 

The electron emission efficiency can be Improved by suitably adjusting the density of the fine particles, 
20 The electron-emitting device having the semiconductor layer as illustrated in Fig. 17 makes it possible 
to lower the drive voltage by controlling the electrical resistance of the semiconductor, and also can be 
effective in improvement of emitted cunrents. 



25 Claims 

1. An electron-emitting device comprising a laminate comprising an insulating layer held behveen a pair 
of electrodes opposing each other, wherein an electron-emitting region insulated from said electrodes is 
formed at a side end surface of the Insulating layer formed at the part at which the electrodes oppose each 

30 other, and electrons are emitted from said electron-emitting region by applying a voltage between said 
electrodes. 

2. The electron-emitting device of Claim 1. wherein a pair of said electrodes, opposing each other at 
each end portion of the electrodes, hold said Insulating layer without any overiap of said electrodes. 

3. The electron-emitting device of Claim 1 , wherein said electron-emitting region comprises a laminate 
35 comprising an insulating layer and a layer of an electron-emitting material. 

4. The electron-emitting device of Claim 3, wherein said electron-emitting material is selected from the 
group consisting of borides, carbides, nitrides, metals, metal oxides, semiconductors, and carbon. 

5. The electron-emitting device of Claim 4. wherein said electron-emitting material comprises at least 
two kinds of different materials. 

40 6. The electron-emitting device of Claim 4. wherein said electron-emitting material is selected from the 
group consisting of Nb, Mo, Rh, Hf. Ta. W, Re, Ir, Pt. Ti, Au. Ag. Cu. Cr. Al, Co, Nl, Fe. Pb. Pd. Cs and Ba, 

7. The electron-emitting device of Claim 4. wherein said electron-emitting material comprises a metal 
oxide selected from the group consisting of ln2C>3, Sn02. BaO, MgO and Sb203. 

a The electron-emitting device of Claim 4. wherein said electron-emitting material comprises fine 

45 particles of Pd or SnOa. 

9. Tlie electron-emitting device of Claim 1, wherein said electron-emitting region comprises a layer 
formed by Incorporating an electron-emitting material in the insulating layer in a dispersed state. 

10. The electron-emitting device of Claim 9, wherein said electron-emitting material is selected from the 
group consisting of borides, carbides, nitrides, metals, metal oxides, semiconductors, and carbon. 

so 11. The electron-emitting device of Claim 10. wherein said electron-emitting material comprises at least 
two kinds of differeint materials. 

12, The electron-emitting device of Claim 10, wherein said electron-emitting material is selected from 
the group consisting of Nb. Mo, Rh. Hf, Ta, W, Re, Ir. Pt. TI. Au. Ag. Cu, Cr. AI. Co, Ni. Fe. Pb, Pd, Cs and 
Ba. 

65 13. The electron-emitting device of Claim 10, wherein said electron-emitting material comprises a metal 
oxide select^ from the group consisting of ln203, SnO?. BaO, MgO and SbjOa. 

14. The electron-emitting device of Claim 10, wherein said electron-emitting material comprises fine 
particles of Pd or Sn02. 
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ISJhe electrotvemltting device of Claim 1. wherein an electron-emiteng material Is arranged on the 
side end surface of said insulating layer. ^ uib 

16. The electron^ltting device of Claim 15. wherein said eleclron-emifting material is selected from 
the group consisting of bondes. carbides, nitrides, metals, metal oxides, semiconductors, and carbon 
two Lrord'iCnrm'aSs''"" °' electron-emitting materia, comprises at least 

18. The ele^on-emlttlng device of Claim 16. wherein said electron-emitting material is selected from 
Hie group consisting of Nb. Mo. Rh. Hf. Ta. W. Re. Ir. Pt. Ti. Au. Ag. Cu. Cr. Al. Co. Ni. Fe. Pb. Pd.ls^d 

19. The elecfron-emitting device of Claim 16. wherein said electron-emitting material comprises a metal 
oxide selected from the group consisting of In^O,. SnO,. BaO. MgO and Sb^O, 

partides'Tf w'^no!"""'"^ '""'^ °' ^"^^ «'«*°"-«'"'Wna material comprises fine 

21 The electron-emitting device of Qaim 1. wherein the one or both of a pair of said electrodes are in a 
multiple layer constitution. "wuwucs are in a 

22. The electron-emitting device of Claim 21. wherein at least one layer of the mulBple layers is made 
of a material not readily damaged by ion sputtering. ' 

23. TTie electron-emitting device of Claim 22. wherein said material comprises a high-meltina material 
selected from the group consisting of W. LaBs. carbon. TiC and TaC. nign-meiting material 

24 The electron-emitting device of Claim 21. wherein at least one layer of said multiple layers 

comprises a material exhibiting a low wort( function. muinpie layers 

25. The electron-emitting device of Claim 24. wherein said material is selected from the group 
consisting of SnOz, In203. BaO, UBt, Cs. and CsO. 

J^' TI'***Il'^u1^'"f '^^^^"^ °^ ^'^"^ ^ °f '""'«Ple layers formed 

at the part at which the electrodes oppose each other; 

and electrons are emitted by appncation of a voltage between said electrodes. 

3a An electron-emitting device comprising: a pair of opposing electrodes, holding therebetween a 
laming compnsing a layer in which an electron-emitting material is dispersed and an insulating layer; and 
an or the elertron-emitting material provided on the side wall surface of the insulating layer, formed at the 
part at which the electrodes oppose each other; where electrons are emitted by application of a voltage 
between said electrodes. 

in<,.r«„^?J!™'T'?'*"^ '^fl^ comprising: a pair of opposing electrodes, holding therebetween an 
TaS n ™ °"-«^'«'"9 i" a dispersed state; and an or the electron-emitting 

^ooose tloT H ."t '"'^^ °* at the part at which the electrode? 

oppose each etften where electrons are emitted by application of comprises a material having a high 
electrical conductivity. ' " 

S7 The electron-emitf ng device of Claim 28. wherein said material is selected from the group 
consistingofAg.AI,Cu.Cr. Ni. Mo,Ta.W.andanalloyofanyofthese. 

28. An electron-emitting device comprising a laminate comprising an insulating layer interposing a layer 
^ilfli^H 5°"^'"*"^ " dispersed, and held between a pair of opposing electrodes, wherein 

said electrodes do not come into contact with the layer in which an electron-emitting material is dispersed; 
an end <rf said layer in which the electron-emitting material is dispersed is positioned at the side end 

are emitted by application of a voltage between said electrodes. 

.» J.^' ^ e's'^o^emitting device comprising a laminate comprising an insulating layer containing an 
electron-emitting matenal in a dispersed state and held between a pair of opposing electrodes, wherein- 
a side end surface of the insulating layer is a voltage between said electrodes. 

32. An electron-emitting device comprising a device structure In which an Insulating layer is formed 
between opposing electrodes, and fine particles are arranged inside the layer of said insulating layer in a 
dispersed state. 

rnJ^'JH^- «'«^'^"^'"'W"9 device of Claim 32. having the structure in which said fine particles are 
completely included into said Insulating layer. 

■ , electron-emitting device of Claim 32. having the structure that any of said fine particles is partly 

included into and partly exposed from said insulating layer. 

35. The elecuon-emltting device of Claim 32. wherein said fine particles is composed of a substance 
setected from the group sonsisting of borides. carbides, nitrides, metals, metal oxides, semiconductors, and 

carbon. 
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36. The electron-emitting device of Claim 32. wherein said fine particles are dispersed between the 
elecUodes by coating. 

37. The electron-emitting device of Claim 32. wherein said fine particles are dispersed between the 
electrodes by vacuum deposition. 

5 38. The electron-emitting device of Claim 32, wherein said fine particles are dispersed by thermal 

decomposition of an organic metal compound. 

39. The electron-emitting device of Claim 32. having the device structure in which the insulating layer is 

formed between the opposing electrodes on a substrate, and said fine particles are arranged inside the 

layer of said insulating layer in a dispersed state. 
10 40. The electron-emitting device of Claim 39, wherein said opposing electrodes are fomaed on the 

Insulating layer on a substrate, and said fine particles contained in said insulating layer are *hose obtained 

by dispersing the fine particles between said electrodes followed by baking. 

41. The electron-emitting device of Claim 40. wherein said insulating layer comprises a low-melting 

glass. 

IS 42. The electron-emitting device of Claim 40, wherein said insulating layer has a film thickness of from 

several ten angstroms to several ten microns. 

43, A method of preparing an electron-emitting device, comprising a step of forming electrodes on a 

substrate, and a step of coating a mixture of fine particles and an insulating material with a solvent between 

said electrodes, and a step of baking to form an insulating layer containing said fine particles. 
20 44. A method of preparing an electron-emitting device, comprising a step of forming electrodes on a 

substrate, a step of dispersing fine particles between said electrodes, and a step of forming an insulating 

layer on said fine particles having been dispersed. 

45. The method of Claim 44, wherein said insulating layer is a layer comprised of a substance selected 

from the group consisting of an oxide, a nitride, a carbide or an organic polymer. 
2S 48. The method of Claim 45, wherein said insulating layer has a film thickness of from several ten 

angstroms to several ten microns. 

47. The electron-emitting device of Claim 32. comprising a substrate comprising a porous glass in 
which a metal or a metal oxide Is deposited. 

48. The electron-emitting device of Claim 32, comprising a colored glass containing metal colloid fine 
30 particles. 

49. A method of preparing an electron-emitting device, comprising a step of bringing fine particles in an 
insulating layer to be completely Included into the Insulating layer, and a step of etching said insulating 
layer to bring the completely included fine particles partly exposed from the Insulating layer. 

50. A method of preparing an electron-emitting device, comprising a step of coating on a substrate an 
35 insulating layer containing fine particles followed by baking, and a step of forming electrodes on said 

insulating layer. 

51. An electron-emitting device comprising the device stmcture that a semiconductor layer is formed 
between opposing electrodes, and fine particles are ajrranged inside the layer, or on the layer, of said 
semiconductor layer in a dispersed state. 

40 52. The electron-emitting device of Claim 51. having the structure that said fine particles are completely 
included into said semiconductor layer. 

53. The electron-emitting device of Claim 51, having the structure that said fine particles are partly 
contained in said semiconductor layer and partly exposed therefrom. 

54. The electron-emitting device of Claim 51. wherein said fine particles are made of a substance 
45 selected from the group consisting of borides. carbides, nitrides, metals, metal oxides, semiconductors, and 

carbon. 

55. The electron-emitting device of Claim 51 , wherein said fine particles are dispersed between said 
electrode by coating. 

56. The electron-emitting device of Claim 51. wherein said fine particles are dispersed between said 
50 electrode by vacuum deposition. 

57. The electron-emitting device of Claim 51, wherein said fine particles are dispersed by thermal 
decomposition of an organic metal compound. 

58. The electron-emitting device of Claim 51, having the device structure in which the electrodes are 
formed on a substrate, the semiconductor layer is formed between said electrodes, and the fine particles 

55 are arranged inside the layer, or on the layer, of said semiconductor layer In a dispersed state. 

59. A method of preparing electron-emitting device, comprising a step of forming electrodes on a 
substrate, and a step of coating between said electrodes a fine particle dispersion containing an organic 
binder followed by baking to effect dispersion of the fine particles. 
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butJS" °' ^^'^ "'"^^^ ''^ ^^^^ from the group consisting of a 

SSSjr "PO'V--. Phenol resins, njtens. ^Hersld 

61. A method of preparing electron-emitting device, comprising a step of forming a semiconductor h««r 
on a subs^ate. a step of fonning electrodes on said semi«nductor layer. ^7^o Z^^VZ 
partcles between said electrodes. . a siep or oispersing fine 

.r*^"* °f "^'^"^ s«"ifconductor layer comprises a layer comprised of an 

TT",:^lTrn"''V T^."^*' -miconductor. or a impound semteonSr. 
angSoms toZm ''ver has a film thlcKness of from 50 

64. A method of preparing an electron-emitting device, comorisina a stao-of hrinni„« k^^ ^ ^ , 
completely Included into a semiconductor layer and a s^r^SnT^^aTo^Z^^L'^l^''^^ 
comptete^ included into it to bring them to pa^y expose fn,m^L s^rconTuctoMa^^^^ ^""^ 

65. An electron-emitting device comprising electrodes having minute spacing, between which at i«a«t 
two kinds of fine particles of different materials are arranged oeiween which at least 

diffel?o'nd'IS;r""'"' °' materials having 
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